Abstract. The paper presents statistics of the asteroids observed and discovered at the Baldone Observatory, Latvia, in 2008Latvia, in -2013 
ASTROMETRIC OBSERVATIONS OF MINOR PLANETS
This is our second paper in a series of papers which review our contribution to asteroid discovery and follow-up observations of newly and previously discovered asteroids. The first paper (Černis et al. 2014 ) was devoted to the asteroids discovered at the Moletai Observatory, Lithuania, in 2000 Lithuania, in -2004 In the present paper, we focus on statistics of the asteroids discovered at the Baldone Observatory in Latvia during the years 2008-2013. The asteroid project of the Baldone Observatory (IAU code 069, longitude 24.4041 E, latitude 56.7734 N, altitude 103 m) involves astrometric and photometric observations of the Main Belt asteroids and newly discovered Near Earth Objects (NEOs), including their search. Astrometric CCD observations of asteroids at this observatory were started in January of 2008, using the 0.80/1.20 m, f/3 Schmidt telescope and a ST-10XME 15 × 10 mm CCD camera (field of view 21 × 14 ), with an image scale of 0.58 per pixel. The first three new asteroids were discovered at the beginning of 2008 (2008 AL86, 2008 AU101 and 2008 . During the sky survey close to the ecliptic, 43 new asteroids were discovered in 2008-2013: 14 of them have multiple-apparition orbits, 12 are one opposition objects of which two have no orbit (updated on 2015 February 12) .
Among the newly discovered asteroids, two are exceptional objects, the NEO 2008 OS9 (Černis & Eglitis 2008a; Černis et al. 2010 ) and the Centaur-type asteroid 2009 HW77 (Orius) (Černis & Eglitis 2009; Wlodarczyk et al. 2011) , and two are the Trojan group asteroids (2011 QA50 with a = 5.27 AU and 2013 RO26 with a = 5.12 AU).
The limiting R magnitude for the Schmidt telescope is about 21 for unfiltered CCD images with an exposure time of about 8 minutes. All astrometric measurements and reductions were done using the Astrometrica software (Raab 2003) . The reference stars were selected from the catalogs USNO-A2.0, USNO-B1.0, UCAC-2 and UCAC-4.
Most of the asteroids were discovered in the morning hours about 20 days before their opposition time at elongations of 150-160 deg. The sky survey has been undertaken close to the ecliptic (mostly not more than 10 deg from the ecliptic line), taking three or four CCD images of the same field, with 20-30 min time spans between the exposures.
The Baldone Schmidt telescope has proved to be a very useful instrument for asteroid searches as well as for follow-up astrometry of poorly observed NEOs and unusual objects. During 2008-2013, 2117 CCD images (in 116 observing nights) for astrometry of asteroids and comets were obtained by I. Eglitis. Inspection of the images and measurements of the positions of all asteroids which appeared in the frames were performed by K.Černis. The 3511 astrometric positions of 826 asteroids, including at least five NEOs, were published in the Minor Planet Circulars (MPC) and Electronic Minor Planet Circulars (MPEC) (Černis & Eglitis 2008ab, 2013 .
Till now, 2015 March, the credits for discovery of 12 asteroids have been received by the Baldone Observatory from the Minor Planet Center, ten of them have been named. In the near future we expect to get the credits and numbers for another four asteroids : 2008 AK86, 2009 HW20, 2013 QW47 and 2013 Our contribution is about 0.006% of all 55.7 ×10 6 observations of asteroids done in the world during this period. The new discoveries (43) compose a similar part, 0.018%, of all 234 000 asteroids discovered. This was the period when great numbers of asteroids were discovered by the specialized projects, such as LONEOS, LINEAR, Spacewatch, Catalina and Pan-STARRS. Table 1 presents the distribution of asteroid discoveries by year and the numbers of astrometric observations performed in 2008-2013. Table 2 lists the new asteroids discovered at the Baldone Observatory.
The asteroid 2011 SW259 has got its designation only in 2011, however, this object was first spotted at the Baldone Observatory on 2008 January 5. According to the new rules defining the discoverer of a particular object (Spahr 2010), 2011 SW259 is confirmed as discovered by the Baldone Observatory because the resolution adopted by Commission 20 at the 1979 IAU General Assembly says: "The Commission defines the discovery as the earliest apparition at which an orbit useful in the establishment of identifications was calculated" (taken from the Minor Planet Circular 4845-4846). 
ORBITS
To compute the orbits and ephemerides of asteroids, the freely available OrbFit software v.4.2 1 has been used. We also applied the JPL DE405 planetary and lunar ephemerides, the biased error model based on Chesley et al. (2010) and 25 perturbing asteroids. For weighting and selecting the observations, the method described in the NEODyS site ) has been used.
The masses of 25 perturbing asteroids were taken from Farnocchia et al. (2013) . Starting positions of these asteroids and their perturbations were computed using the ASTDyS base of the initial orbital elements of asteroids 2 and the OrbFit software. The precision of orbital computation using the OrbFit software is described in Wlodarczyk (2009) . Table 3 presents the high-precision orbital elements and their uncertainties for the asteroids discovered at the Baldone Observatory in 2008-2013. They are listed in order of the discovery date. For each asteroid, the first line gives the following orbital elements: a -semimajor axis, e -eccentricity, i -inclination, Ω -longitude of the ascending node, ω -argument of perihelion, and M -mean anomaly. The second line gives the rms errors of the elements and the third line gives the absolute magnitude H, the number of observations used, and their time coverage. The orbital elements and their ephemerides are computed without any non-gravitational effects, i.e., in the computations only the gravitational model of the Solar system has been used. The absolute magnitudes H given in Table 3 were calculated from the observed magnitudes R taking into account the computed orbit. All of the asteroids discovered have absolute magnitudes in the range H = 9.7-19.4 mag.
Using all astrometric and photometric observations of the asteroid (330836) Orius, we computed its absolute magnitude, H = 9.725 ± 0.343 mag. The computations were done with the Fowler & Chillemi (1992) formula, using a typical geometric albedo p v for Centaurs in the range 0.054-0.2 (Johnston 2014):
The diameter of (330836) Orius was found to be between 29 and 79 km. We have also found that the asteroid (428694) 2008 OS9 has the absolute magnitude H = 19.400± 0.399 mag. For p v = 0.04 (C-type asteroid) the diameter is 1052 m, and for p v = 0.20 (S-type asteroid) it would be 326 m. The true diameter of this asteroid is probably between these two values.
It was impossible to compute the orbits for the asteroids 2008 OT18 (6) and 2009 HG68 (1) which have only several observations and a small arc of the orbit covered (in parentheses, the observed arc in days is given). Likewise, because of the short arc and small number of observations, the orbits of the following asteroids are of lower accuracy : 2008 CH184 (17), 2008 OZ11 (8), 2009 HW19 (9), 2009 HB45 (4), 2009 HB59 (6), 2013 RO26 (26) and 2013 . More observations of these asteroids are needed. The ephemerides of these asteroids for 2015 and 2016 will be given in Section 4.
NEW ORBITS OF THE NEO (428694) 2008 OS9 AND THE CENTAUR (330836) ORIUS (2009 HW77)
We recomputed orbits of the asteroid (428694) 2008 OS9 from the Apollo group and the Centaur-type asteroid (330836) Orius (2009 HW77) . For this we applied new observations of both asteroids which became available after our previous studies (Černis et al. 2010; Wlodarczyk et al. 2011) . Furthermore, we used a new Chesley et al. (2010) . Also, in our model of the Solar system we took into account 25 perturbing asteroids with masses from Farnocchia et al. (2013) .
The asteroid (428694) 2008 OS9
In our previous work on the asteroid (428694) 2008 OS9 (Černis et al. 2010) we computed its orbit using 178 optical observations (of which 12 were rejected as outliers) from 2008-07-25.36573 to 2008-08-12.71959 . Now, the orbit of this asteroid is computed using 539 observations (of which 23 are rejected as outliers) obtained during the period from 2008-07-25.36573 to 2015 02 18.62309. Hence, the observational arc of (428694) 2008 OS9 is extended from 18 days to about 7 years! Table 4 lists the Keplerian elements computed for this asteroid: semimajor axis a in AU, eccentricity e, inclination i, longitude of ascending node, argument of perihelion, and mean anomaly. Their 1σ uncertainties are given in the last column.
With the new orbit this asteroid remains in the Apollo group, i.e., it is a NearEarth object which crosses the Earth's orbit (a > 1.0 AU; q < 1.017 AU) 4 . It is interesting to note that its absolute magnitude (i.e., the magnitude at 1 AU from the Sun and observer) has decreased from H = 19.42 in our previous work to about H = 19.40 now, i.e., the asteroid has a greater diameter, see Section 2. It is worth noting that, due to the sufficiently precise orbit, the asteroid 2008 OS9 is now numbered.
The asteroid 2009 HW77
In our previous publication on the asteroid 2009 HW77 (Wlodarczyk et al. Table 5 . The orbit of the asteroid remains of the Centaur-type, i.e., it is located between Jupiter and Neptune (5.5 AU < a < 30.1 AU)
5 . Due to its sufficiently precise new orbit, the asteroid 2009 HW77 is now numbered.
Previously we had calculated the orbit of this asteroid (top lines in Table 5 ), as well as orbits of other asteroids, with the use of the OrbFit v.4.0 software 6 , and, apart from planets, three massive asteroids, Ceres, Pallas and Vesta, were added as additional perturbers with the JPL NASA Ephemerides DE405. Now, as it was mentioned above, we used the OrbFit v.4.2 software, 25 perturbing asteroids and the error model (bottom lines in Tables 4 and 5 ). It is obvious that our present computations give orbital elements with higher precision, mainly because of the longer arc covered by observations.
EPHEMERIDES FOR THE ASTEROIDS WITH ORBITS OF LOW ACCURACY
For seven asteroids discovered at the Baldone Observatory, which have lowaccuracy orbits, we have computed the ephemerides for 2015-2016 (for a geocentric observer). We used the OrbFit software version 4.2 and JPL DE405 planetary and lunar ephemerides with 25 additional perturbing asteroids according to 5. SUMMARY In 2008 -2013 , at the Baldone Observatory a total of 43 asteroids were discovered. For 36 of these asteroids we present their orbital elements of much higher accuracy than those that came before, based on a much larger number of observations and the longer observational arc covered. The remaining seven asteroids have their orbits of low accuracy, thus they need additional astrometric observations. For these seven asteroids the ephemerides for 2015-2016 are given.
